Introduction
The epidemiology, pattern of injury and optimal management of the paediatric scaphoid (carpal navicular) is largely unknown. In a recent review of paediatric fractures, fractures of the carpus bones comprise less than 2% of all the fractures studied [1] . Fractures and dislocations of the paediatric carpus are rare compared with the injuries of the adjacent physis and metaphysis of the distal radius. This is possibly because of the protection from the unossified cartilage surrounding the ossification centre.
The detection of an injury to the immature carpus is problematic because of the difficulties in examining an injured child and the inability of the radiographs to detail the unossified elements of the immature skeleton [2] . In a recent study of childhood fracture injury, detection by clinical examination of point tenderness has been shown to be the best clinical determinant of the presence of a fracture [3] . Identification of point tenderness in the small anatomical snuffbox (ASB) in children is challenging, and separation of the pain site is equally difficult.
In adults, forced hyperextension is the predominant cause of scaphoid fracture. In children falling on the outstretched hand has been shown to be the most common mechanism leading to wrist injury including scaphoid injury [4] .
In adults, the main concern is fracture through the waist of the scaphoid and the possibility of this leading to avascular necrosis. There are reports in the literature of damage to the paediatric scaphoid, but the incidence of avascular necrosis is not known.
To detect occult scaphoid fractures or those in which avascular necrosis is a significant risk, many studies have been published, mainly in adults, in which varying imaging techniques have been used to improve the diagnostic accuracy of plain radiography. In addition to plain radiographs (poor sensitivity and reliability) [5, 6] , ultrasound (high sensitivity, low specificity) [7, 8] , computed tomography (useful for ruling out fracture, highdose radiation) [9] [10] [11] , bone scintigraphy (high sensitivity but poor specificity) [12] [13] [14] [15] and magnetic resonance imaging (MRI) have all been advocated [16] [17] [18] . Past research on the use of MRI in clinical scaphoid injuries has shown that its use significantly alters the management of such injuries [19] . It has been shown that MRI enables the correct diagnosis early and by directing appropriate patient management, it prevents unnecessary overtreatment in the majority of patients [17] [18] [19] [20] . The lack of radiation is advantageous, especially for children.
The management of paediatric scaphoid injury has largely been based on the evidence of the pattern of injury and subsequent complications to the adult scaphoid [1] . There is no good evidence base for this.
Objectives
The primary objective of this study is to determine the epidemiology and demography associated with suspected injury to the scaphoid in children aged 13 years and below. As a secondary objective we suggest a method for investigating and treating paediatric scaphoid injury, which reduces radiation but maximizes definitive diagnosis.
Methods
A retrospective study of all children who underwent plain radiography of the scaphoid bone from 1 January 2005 to 31 December 2005 was undertaken in the Radiology and Emergency Departments of a tertiary children's hospital (annual attendance 35 000). This hospital is the main treatment point for all children under the age of 13 years and all children will be either treated initially here or referred for definitive care to this unit.
Children older than 13 years were excluded as the majority of these children would attend the adult Emergency Department. During the study period, all patients who had clinically injured their scaphoid, underwent plain radiography according to departmental protocol. 'Clinically injured scaphoid' included all patients who presented with a painful wrist with tenderness or swelling isolated to the ASB and who underwent radiological examination of the scaphoid. This includes four views of the scaphoid [posterior-anterior (PA) with ulnar deviation, PA oblique, lateral view and PA with 251 dorsal angulation -'Banana' view].
All patients were identified from a radiological database that included all children who underwent 'scaphoid radiology' at any time in their acute (< 2 week) injury period. This also included all patients who presented late after their injury and any patient who at follow-up had scaphoid radiographs. Details were extracted from the associated clinical notes that were found through the emergency department's administration system. Recorded data included demographics, presentation and mechanism, clinical signs and symptoms, management, follow-up and complications. These were entered into an Access database and the results analyzed from an Excel (Microsoft excel: mac 2008) spreadsheet.
Results
One hundred and seventeen children were identified (0.4% of all the attendances) as having plain radiography of the scaphoid. Six were excluded as three sets of case notes were unavailable and three children were older than 13 years, leaving 111 children for analysis (Fig. 1) .
Sixty of the 111 patients (54%) were female. The median age was 11 years (interquartile range 9-12 years). Ninety of the 111 patients (87%) had fallen onto their outstretched hand. Other mechanisms included crush in nine of the 111 patients (8%), hyperextension in six patients (5%) and punch in one patient (1%) injuries. All had ASB tenderness but 104 (94%) patients had tenderness confined exclusively to the ASB. Fifty-seven (51%) patients sustained an injury to their left wrist.
After the initial consultation and radiograph, 17 of the 111 patients (15%) were thought to have a definite fractured scaphoid. Eighty-six patients (77%) had no radiological evidence of bone injury, eight patients (7%) had other fractures including two of the first metacarpal, five buckle fractures of the distal radius and one ulnar styloid fracture. The eight patients who had other fractures were subsequently thought to not have a scaphoid injury. Seven of these eight patients had tenderness in areas other than the ASB.
After follow-up, 12 of the 17 patients who were initially thought to have a fracture had confirmed fractures and the remaining five were subsequently diagnosed with soft tissue injuries. All the patients with a confirmed fracture had fallen onto their outstretched hand.
Only one patient (aged 12 years) with normal plain radiographs on presentation was subsequently diagnosed with a fracture of the scaphoid bone after 2 weeks. This was an undisplaced fracture through the waist of the scaphoid and it went on to uneventful union.
Overall, 13 children were found to have a fracture of the scaphoid bone. These were distributed as shown in Fig. 2 .
Ten of the 13 patients had fractures through the distal part of the scaphoid bone.
One hundred and eleven patients had 146 radiographs. The mean number per patient was 1.3.
One hundred and eight patients were immobilized after the initial consultation. The 13 patients with definite fractures were all immobilized: seven in full-scaphoid casts, four in removable scaphoid casts and two in scaphoid splints. Ninety patients had clinical injury to the scaphoid. Of these, 16 were treated in full scaphoid casts, 60 in removable casts, 11 in scaphoid splints and three were not immobilized. The eight patients with other fractures were all immobilized.
There was no difference in the outcome in a confirmed fractured or clinically fractured scaphoid bone when immobilized in either a full cast or removable cast.
Eighty-four patients were discharged from the follow-up 10-14 days after the injury. Nine of these had a repeat radiograph at follow-up. Children in the removable casts were more likely to cancel their follow-up appointment as symptoms had improved. There were no unplanned re-attendances to our Emergency Department from this group.
During this study period, no patient presented with a scaphoid fracture late and no patient was misdiagnosed after the initial consultation. There were no complications in any of the cases reviewed and all healed without evidence of avascular necrosis.
Discussion
The investigation and diagnosis of scaphoid injury have been historically difficult in the Emergency Department in the adult population. This study has shown similar issues in the paediatric population.
Tenderness in the ASB, which is located between the extensor policis longus and extensor policis brevis tendons, has been regarded as the clinical sign of a scaphoid fracture. However, a fracture of the radial styloid, distal radius, trapezium or the first and second metacarpals in addition to many sprains can produce pain at the ASB [21] .
This was shown in this study with eight children having other fractures who all had clinical features of a scaphoid injury. Although it is unusual, patients can have scaphoid fractures co-existing with other fractures, and therefore after the treatment, this should be examined and documented at follow-up.
The policy in many centres has been to immobilize children and adults in casts until they are symptom-free. This leads to inconvenience in performing many activities of daily living, inability to work or perform tasks at school and inability to partake in physical activities. The patient can develop significant loss of bone mineral and muscle mass in a few weeks [21] .
As seen in this study, the majority of children injure the scaphoid at the distal end of the bone. These injuries are much less common in the adult population. They are not of great clinical significance and do not lead to avascular necrosis.
The incidence of avascular necrosis after a fracture of the waist of the scaphoid bone in the paediatric population is less than that in adults. However, there have been cases reported. Mintzer and Waters [22] presented the outcome of 13 paediatric scaphoid nonunions and Toh et al. [23] reported 46 cases of nonunion over a 15-year period. Fabre et al. [24] noted that scaphoid nonunion in children is very rare. They found only 29 published cases in the literature. Shehzad et al. [25] published a case report of avascular necrosis in both the poles of the scaphoid after a waist fracture in an 11 year old. A larger prospective study with follow-up over time would be necessary to find the true incidence of nonunion in the paediatric population.
There is little uniformity in practice even with the views obtained for the initial plain radiographs [26, 27] . Other imaging modalities should be performed earlier rather than later to improve the diagnostic accuracy.
Both MRI and bone scintigraphy are accurate and cost effective [21] . In the past, the most commonly used modality was bone scintigraphy. However, it has been shown that a negative isotope study reliably excludes a fracture but a positive study is nonspecific [28] . Fowler et al. [29] compared scintigraphy and MRI and found that MRI was more sensitive and specific.
MRI is at least as accurate as the other modalities and has the additional benefit of being able to diagnose fractures earlier than the other modalities (scintigraphy and computed tomography) [30] . MRI can clearly show a fracture or bone bruising at 10-days when plain radiographs do not.
We propose a treatment algorithm (Fig. 3) that combines clinical assessment, no radiation and if necessary clinically directed use of MRI as recommended by Raby for adults [31] . With this policy we hope to remove ionizing radiation and maximize fracture diagnosis. This algorithm is an Emergency Department-based pathway and the patient can be referred if an abnormality is detected by MRI. This algorithm will need to be validated and the patients will need to be followed up to ensure no complications.
Limitations of this study include a small study group. The main indicator used for clinical scaphoid injury was ASB tenderness, which has been shown to be a poor indicator. This, however, was often the only documented reason for imaging the scaphoid bone.
Conclusion
The majority of clinical scaphoid fractures are subsequently diagnosed as soft tissue injuries. It is important to correctly diagnose a fractured scaphoid bone, and therefore this population would benefit from more directed and focused imaging modalities. We suggest a model similar to that suggested in adults that could improve the diagnostic accuracy and target immobilization. 
